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Background: Global rates of non-communicable disease have risen at an unprecedented rate, 
leading to large investment into the research of diet-disease association. Food frequency 
questionnaires (FFQs) are a cost-effective nutritional assessment method with relatively low 
respondent burden; which makes them ideal for use in epidemiological studies. In New Zealand, 
there are few up-to-date multi-nutrient FFQs, and none have been validated for free and added 
sugar intake.  
Objective: To evaluate the reliability and validity of a semi-quantitative food frequency 
questionnaire to assess typical intake of ten macronutrients over the previous three months in 
New Zealand adults. 
Design: Healthy adults aged 18-70 years were recruited from the Dunedin population. Data from 
65 participants were included in the analysis. Participants completed the FFQ twice, nine to ten 
weeks apart. Seven day weighed diet records (7DDR) were used as the reference method for 
validation, and were collected once per week for seven consecutive weeks in the period between 
the FFQ administrations. Validation was assessed using Spearman correlations, Bland-Altman 
analysis, and cross-classification. Spearman correlations and cross-classification were also used 
to assess test-retest reliability.   
Results: The FFQ demonstrated good test-retest reliability with Spearman correlation 
coefficients ranging from 0.51 to 0.69, and gross misclassification by tertile no greater than 9.2%. 
The validity of the FFQ was acceptable, with Spearman correlations ranging from 0.44 for 
carbohydrate to 0.58 for total fat and monounsaturated fat. The highest rate of gross-
misclassification between the FFQ and 7DDR was 12.5% for carbohydrate. Bland-Altman 
analysis produced mean percentage agreements ranging from 79 to 96, and ultimately showed 
 iii 
that the FFQ statistically significantly underestimated energy, fat, saturated fat, monounsaturated 
fat, polyunsaturated fat, and free sugar compared to the 7DDR. 
Conclusion: The results of this study suggest that the FFQ can produce reproducible estimates of 
nutrient intake for all selected nutrients. It has acceptable validity for ranking individuals by 
nutrient intake, but like most multi-nutrient FFQs, it is not appropriate for estimating absolute 
nutrient intake. Further work is required to assess the validity of the FFQ in ethnic-specific or 
disease-specific populations.  





This thesis was completed as part of a wider study: The Sugars Intake Measurement Study 
(SIMS). As part of the SIMS study, a short multi-nutrient food frequency questionnaire (FFQ) 
was validated. The 12-month FFQ was originally produced in 2009 by PGDipSci student 
Amalina Jaafar Amsak. It was further developed and validated during 2009-2012 as part of the 
Food Options of Dunedinites Study (FOOD). The current study re-validated the FFQ to 
determine if it was valid in a 3-month format, and if it was suitable for assessing free and added 
sugar intakes.  
 
This thesis was conducted in Dunedin at the University of Otago under joint supervision from Dr 
Paula Skidmore (primary), Dr Lisa Te Morenga, Dr Rachael McLean, and Devonia Kruimer from 
the Department of Human Nutrition. Liz Fleming from the Department of Human Nutrition 
assisted with Kai-culator (dietary assessment software), and the development of the free and 
added sugar values for the FFQ food lines. Dr Jill Hazsard provided statistical consultation and 
data analysis. 
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candidate: 
- recruited participants by putting up posters and placing a one-off advertisement in a local 
newspaper (The Star).  
- was responsible for the purchase and maintenance of a study phone. 
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- coordinated recruitment and booking of appointments, including answering phone calls, 
texts and emails, and sending text reminders. 
- was involved in clinic visits: measured participant weight, height, body fat, and blood 
pressure; collected hair samples; administered the FFQ; trained participants on diet record 
collection.  
- processed blood samples for storage.  
- calculated free and added sugar nutrient values for food items added to FOODfiles since 
the 2010 version of the database. 
- coordinated diet record entry; entered the 7DDR of 35 participants into Kai-culator; was 
responsible for recruitment, training, and supervision of two research assistants for 7DDR 
entry; created an online document for the research team with a diet record food 
substitutions list; generated a general assumptions list using ANS data; coordinated with 
Liz Fleming to resolve Kai-culator errors. 
- entered FFQ data; calculated the free and added sugar nutrient lines for each food item in 
the FFQ; reproduced the existing FFQ database to calculate free and added sugar values 
and resolve pre-existing coding errors. 
- completed sections of statistical analysis: mean nutrient intakes, Goldberg cut-offs to 
detect under-reporters, and Bland-Altman analysis.  
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Non-communicable disease (NCD) poses one of the largest threats to the wellbeing of the global 
population. Health care systems have become increasingly burdened by unprecedented rates of 
obesity, cardiovascular disease and diabetes(1, 2). NCDs cause 16 million premature deaths 
annually(3), and are predicted to produce a US$7 trillion economic loss in low- and middle-
income countries over the next 15 years(3). Known risk factors for NCD mortality include 
tobacco use, harmful alcohol use, salt intake, hypertension, hyperglycaemia and obesity(1). With 
one of the highest rates of obesity in the world(4), New Zealand (NZ) is not immune to the NCD 
epidemic. Obesity was estimated to cost the country NZ$722-849 million in 2006(5). In years to 
come, NCDs will likely put further strain on NZ’s economy due the high prevalence of diabetes 
and cardiovascular disease within NZ’s Pacific Island neighbours(6, 7) 
 
With diet considered a primary modifiable risk factor for NCD progression(8), nutrition-related 
research plays an important role in directing prevention and treatment of chronic disease. For 
example, it is well established that saturated fat intake increases cardiovascular disease risk(8, 9). 
Such evidence lead to the societal deference to low-fat products and low-fat dietary patterns. 
Only recently, the focus has shifted to the health consequences of sugar intake, particularly that 
of free and added sugars. In 2015, the World Health Organisation published a guideline on sugar 
intake(10); identifying the role of free sugar in positive energy balance and the development of 
dental caries. Free sugar intake has also been linked to increased cardio-metabolic risk 
factors(11) and cancer(12). However, the body of research on free sugar is in its infancy: the term 
“free sugar” is not universally used, and it is only recently that free and added sugar values are 
being included in nutrient databases(13, 14).  
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Although a specific nutrient may be of interest to researchers, nutrients are not consumed in 
isolation, nor do they tend to act via a single mechanism(15). It is often unethical or implausible 
to restrict the nutrient intake of a control group, and thus nutrient-based randomised controlled 
trials are relatively uncommon(15, 16). The nutrition field’s reliance on observational studies has 
garnered criticism, with some claiming that the results can be misleading and the method 
insufficient to determine diet-disease causation(17, 18). A major concern with observational 
studies is that it can be difficult to determine whether an observed effect is due to a measured or 
unmeasured factor(15, 16). Therefore, in order to control for dietary confounders, it is prudent to 
measure the subjects’ overall diet, rather than the intake of one or two nutrients/foods of interest. 
 
Accurate nutritional assessment is integral to nutritional research. Although there are various 
ways to assess dietary intake, food frequency questionnaires (FFQs) are commonly used in 
epidemiological studies due to their cost-efficiency and relatively low respondent burden(19, 20). 
There are a number of multi-nutrient FFQs validated for use in NZ adults(21-26), however none 
of these have yet been validated for free or added sugar intake. Internationally, there is only one 
FFQ apparently designed and validated for free sugar(27), and two for added sugar(28, 29). With 
the ever-changing nature of product availability and dietary patterns, FFQs should be periodically 
altered and assessed to ensure they maintain their validity(19, 20). Therefore, this study aimed to 
validate a previously developed FFQ(26) for various macronutrients, including free and added 
sugar, in an adult NZ population.  
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2 LITERATURE REVIEW 
2.1 Macronutrient Intake and Health 
2.1.1 Energy 
Energy intake is essential to maintain human life and bodily function(30). However, excess 
energy intake is contraindicated due to its role in the development of obesity, and the various risk 
factors associated with raised body weight(30, 31). Contrastingly, inadequate energy intake is 
also a global health concern, with an estimated 795 million people chronically undernourished in 
2014-2016(32). Despite the widespread presence of food insecurity in developed nations such as 
NZ(33), undernourishment disproportionately affects developing nations(32). Undernourishment 
leads to weight loss, and being underweight is associated with increased risk of infertility, 
osteoporosis, bone fracture, and impaired immunity(30). The relationship between body mass 
index (BMI) and mortality can be illustrated as a J-shaped curve i.e. risk of premature death 
increases as BMI shifts above or below the healthy range. Both underweight and obesity are 
caused by sustained disruptions to energy balance: whereby energy intake either exceeds or does 
not meet energy expenditure.  
 
2.1.2 Protein 
Protein provides 17kJ/g of energy, as well as essential amino acids for growth, development, and 
other vital physiological functions. Inadequate protein intake can cause malnutrition, and a 
variety of negative health outcomes, such as wasting and impaired recovery from injury or 
illness(30).  In developed countries, most people meet or exceed protein intake recommendations; 
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for example, the 2008/09 Adult Nutrition Survey (ANS) found that 98% of adults in NZ met the 
recommended average protein requirement(34).  
 
2.1.3 Fat 
With 37kJ/g of energy, dietary lipids (i.e. fats and oils) are energy dense(31, 35). The ANS found 
that the average NZ adult consumes fats within the recommended range of 20-35% of energy(34). 
The three types of dietary fat have distinct functions, intake recommendations, and food 
sources(31). 
 
Saturated fat (SFA) is considered an undesirable type of dietary fat. High intakes of SFA have 
been found to increase the risk of heart disease due to its cholesterol-raising properties(9, 30). 
Consequently, it is recommended that SFA intake should not exceed 10% of total energy intake.  
 
Mono-unsaturated fat (MUFA) rich foods and dietary patterns (e.g. Mediterranean Diet) are 
commonly associated with desirable health outcomes, such as reduced cardiovascular disease risk 
and weight management(36-38). However, observed health effects vary by MUFA type, so 
further research is required(36, 39). There are no reference values for MUFA intake in NZ(40), 
but the Ministry of Health recommends to “choose unsaturated fats instead of saturated fats”(41).  
 
The poly-unsaturated fat (PUFA) group includes the essential fatty acids linoleic acid and  
alpha-linoleic acid(30). Other PUFAs include long chain omega-3 fatty acids that are required for 
growth and development, and have been found to be preventative against heart disease(42, 43). 
Furthermore, a 2016 meta-analysis of randomised controlled feeding trials linked PUFA intake 
with favourable glucose-insulin homeostasis(44). Accordingly, there are recommendations for 
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linoleic acid, alpha linoleic acid, and long chain omega-3 fatty acid intake; including estimated 
adequate intake and suggested dietary targets for chronic disease prevention(40). Historically, 
PUFA deficiencies are rare(30). 
 
2.1.4 Carbohydrate 
Sugars, starches and fibre are forms of dietary carbohydrate(30). Carbohydrate provides 17kJ/g 
of energy in the form of glucose, fructose, and galactose(30, 35). While there are both advocates 
and sceptics of low carbohydrate diets(45), the current recommendation in NZ supports moderate 
intake with 45-65% of total energy from carbohydrate(40).  
 
Free and Added Sugar 
Free sugars are defined as “monosaccharides and disaccharides added to foods and beverages by 
the manufacturer, cook or consumer, and sugars naturally present in honey, syrups, fruit juices 
and fruit juice concentrates”(10). This definition is distinct from that of added sugars, where all 
naturally-occurring sugars are excluded(46). These specific definitions were used to calculate the 
added and free sugar data utilised in this study(13, 14). However, definitions differ slightly 
between organisations and countries (Table 2.1). Similarly, intake recommendations vary: in NZ, 
the Ministry of Health simply recommends to “choose and/or prepare foods and drinks with little 
or no added sugar”(41), whereas several other institutions quantify intake recommendations by 
weight or percentage of total energy intake (Table 2.1). For example, the Scientific Advisory 
Committee on Nutrition (SACN) in the UK recommends free sugar intake should be ≤5% total 




In 2003, the World Health Organisation (WHO) recommended limiting free sugars to <10% total 
energy intake(8). In 2015, this guideline was updated with a conditional recommendation to 
promote dental health by limiting free sugars to <5% total energy intake(10). Many organisations 
have adopted the World Health Organisation’s specific recommendations (Table 2.1), but they 
are certainly not free from controversy. After the publication of the 2003 WHO recommendation, 
the US sugar industry lobbied the government to cease their funding of WHO unless the report 
was withdrawn(48). Furthermore, a 2015 study(42) claimed the WHO conditional free sugar 
recommendation was unrealistic for most Americans: analysis of sample healthy meal plans from 
the United States Department of Agriculture (USDA) showed that the meal plans provided an 
average of 8.7% total energy from free sugar daily. The current stance of the European Food 
Safety Authority (EFSA) also contradicts the WHO’s recommendations – in 2010 the EFSA 
determined there was insufficient evidence to set an upper limit of intake for added sugar(49). 
 
Despite the disagreement among upper limit recommendations, there is a growing body of 
evidence condemning free and added sugar. Some epidemiological studies have found that intake 
of free sugars and free sugar surrogates (sugar-sweetened beverages, sucrose) may be associated 
with increased body weight(50, 51), visceral adiposity(52), dental caries(53), unfavourable lipid 
levels(54), type II diabetes(55, 56), hyperuricemia(57), some cancers(12), cardio-metabolic 
factors(11), and cardiovascular disease risk(58-60). For all of the studies cited above, the 
associations were still significant after adjustment for total energy intake or body mass index(11, 
12, 50-60). However, many of these associations are not yet widely accepted nor recognised, 
which is likely due inconsistent results and the inherent limitations of observational research(16). 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1960s and 1970s an industry-funded research group directed future coronary heart disease 
research away from sucrose and towards dietary fat and cholesterol(61). In 1971, a dental 
caries research programme omitted research that encouraged restricting sugar intake due to 
substantial input from the sugar industry(62). These historical examples demonstrate how the 
sugar industry has hindered potentially damaging research on sugar and disease. 
 
In 2016, free sugar and added values were calculated for the items in the NZ Food 
Composition Database(13). Using the ANS intake data, mean free and added sugar intakes 
could be extrapolated using the updated database. The ANS estimated that NZ adults consume 
115g of sugar daily(34), and Nettleton found that 46% of this is added sugar(14). Similarly, 
Kibblewhite found that approximately half of the sugar intake in the ANS is from free 
sugar(13). This exceeds the WHO guidelines by providing 11.1% of total energy from free 
sugars. Furthermore, energy intake was underreported in the ANS(63), and it is possible that 
the reported sugar intakes similarly underestimate the true intake of the population(64, 65).  
 
Dietary Fibre  
Fibre is a non-digested form of carbohydrate, commonly associated with satiety(66) and 
regular laxation(67). High dietary fibre intake is also correlated with a reduced risk of heart 
disease(68-70), diabetes(71, 72), and diverticular disease(73). In NZ, adequate daily intake is 
set at 30g for men, and 25g for women – with chronic disease risk reduction proposed at 
intakes of 38g for men, and 28g for women(40).  
 
2.1.5 Food Sources of Macronutrients 
The ANS identified bread as a primary source of many nutrients in the New Zealand diet; 
including energy, protein, carbohydrate, and dietary fibre(34). This is likely due to the 
quantity of bread consumed by New Zealanders, rather than the nutrient density of bread 
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itself. Potato/kumara/taro were also large contributors of energy and carbohydrate, while 
butter/margarine was the largest source of all fat types.  
 
2.2 Dietary Assessment Methods 
2.2.1 24-Hour Recall 
Traditionally, a trained dietary interviewer conducts the 24-hour recall; whereby all foods and 
drinks consumed over the preceding day or previous 24-hour period will be reported and 
recorded(20). This dietary assessment method determines the actual intake of individuals, but 
due to day-to-day variation, a single 24-hour recall is insufficient to determine habitual 
individual dietary intake(19). Twenty-four-hour recalls are often used in large studies, such as 
the ANS(34), and the National Health and Nutrition Examination Survey (NHANES)(74). To 
provide information on usual individual intake, multiple 24-hour recalls should be conducted: 
the number of recalls required depends on the day-to-day variation of the nutrients of 
interest(20). 
 
The accuracy of this dietary assessment method is dependent on both the subject and the 
interviewer. The subject must have reasonable memory and motivation, while the interviewer 
needs to be skilled at collecting the required detail from the subject(19, 20). Subjects may also 
over-report low intakes, and under-report high intakes in a phenomenon known as “flat slope 
syndrome”(19). Other common sources of error include inaccurate quantification of portion 
sizes, and unintentional omission of foods(20). This error can be reduced through use of 
portion estimation tools, well-trained interviewers, and standardised interview methods(20). 
For example, the automated multiple-pass method (AMPM) developed by the US Department 
of Agriculture has been shown to reduce bias in dietary intake estimation(75-77). The AMPM 
uses 5 steps to increase the accuracy of the recall, including probing for forgotten foods and 
detailing the time and occasion of consumption. 
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Computerised recall methods have been developed to reduce the costs associated with the 
traditional interviewer-administered recall. For example; a web-based, automated, self-
administered tool (ASA24) was developed in 2012(78). While the AMPM method was found 
to be somewhat more accurate in validation studies, the ASA24 provided relatively similar 
results(79, 80), and was preferred by 70% of participants in one study(79). It is important to 
note that while web-based 24-hour recall tools may be more cost-effective, they rely upon 
study populations to be literate and have web access. This could be a barrier to their use in 
NZ, where 20.7% of adults have poor literacy skills(81), and 23.2% of households lack 
internet access(82). 
 
2.2.2 Diet History 
As with the 24-hour recall, the diet history is interviewer-administered and relies on the 
respondent’s memory(19). However, the diet history aims to collect information on habitual 
dietary intake and meal patterns, rather than actual intake(19). Information about type, 
quantity, and usual frequency of consumption is collected, and further detail is often gained 
during a crosscheck(83). Data collected via diet history is often more qualitative than 
quantitative(19), and is therefore more appropriately used in clinical settings, such as dietetic 
consults. Diet history data is also relatively subjective, and making accurate judgements about 
amount and frequency of usual consumption can be challenging for some individuals(83). 
 
2.2.3 Diet Record 
The diet record is considered the “gold standard”, whereby subjects record a detailed 
description of all foods and beverages consumed over a predetermined time period(19). Three 
to seven days of diet records may be required to estimate habitual dietary intake (19, 83). To 
reduce memory bias, subjects are instructed to record foods and beverages at the time of their 
consumption(20). Diet records should contain the type and brand of the food, as well as 
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preparation and cooking methods, and serving size. For estimated diet records, serving sizes 
are quantified using household measures such as cups and spoons. Weighed food records are 
more precise, and quantify serving sizes through directly weighing all items.  
 
Although diet records are desirable for their accuracy, they have a relatively high respondent 
burden, and require literate and motivated subjects. This burden, as well as the societal 
acceptability of “healthy” eating can lead to under-reporting intake or under-eating(20). 
Furthermore, training participants to collect sufficient and accurate records, and the coding 
and entry of the diet record data proves to be expensive and time-consuming(19). 
Consequently, diet records are commonly used to validate cheaper assessment methods for 
use in large-scale studies, such as FFQs(19). 
 
2.3 Food Frequency Questionnaires 
FFQs collect information on respondents’ usual intake of listed food items for a defined 
period. This information is most commonly collected in a self-administered survey format. 
FFQs are primarily used in epidemiological studies as a cost-effective method to assess 
habitual dietary intake. Depending on the design of the questionnaire, it is possible to rank 
participants by their nutrient intake, or quantify population intake of certain nutrients.  
 
Previous relevant FFQs were found by searching the literature during September and October 
2016, and June 2017. FFQ validation studies were found through online databases PubMed, 
Scopus, and ScienceDirect, using various combinations of the following keywords; FFQ, 
questionnaire, sugar, free sugar, added sugar, saccharide, validation. The included studies 
validated self-administered FFQs in adult populations and either measured sugar intake, or 
were multi-nutrient FFQs developed from UK-EPIC or Willett. As a comprehensive literature 
search for multi-nutrient FFQs was completed by Sam in 2012(25), this thesis focussed on 
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studies published since 1st January 2011 (except UK-EPIC and Willett). Descriptions of the 
FFQs are presented in Table 2.2. 
 
2.4 Design of the Food Frequency Questionnaire  
The suitability of the items on the food list is fundamental to the success of an FFQ. While the 
traditional FFQ encompasses the entire diet, now many FFQs are created to assess the intake 
of a single nutrient or food group. According to Willett(20), selected food items must be 
consumed regularly by enough individuals, contain a substantial amount of the nutrient(s) of 
interest, and have varied intake between individuals. Included food items must also be 
relevant to the population of interest, with the inclusion of cultural-specific foods as required. 
The number of foods included must balance the requirement for information against 
respondent fatigue(20). Generally, the length of the food list will increase as the number of 
nutrients assessed by the FFQ increases. Food lists of previous relevant FFQs varied from 24 
items in a qualitative fat and free sugar FFQ, to 322 items in a semi-quantitative multi-
nutrient FFQ (Table 2.2). 
 
Food frequency information can be attained using either multiple-choice or open-ended 
questions. While each method provides comparable nutrient intake results(20), the use of 
multiple-choice categories reduces transcription errors, coding time, and rates of  
incompletion(84). Only 4 of 22 previous relevant FFQs used open-ended questions, while the 
remainder utilised multiple-choice questions; most commonly with nine frequency response 
categories (“never” to “six or more times daily”) (Table 2.2).  
 
While the majority of FFQs are self-administered, interviewer-administered FFQs have been 
found to have comparatively higher correlations with reference methods(85). Interviewer-
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
















improbable responses. However, it is more resource intensive than self-administration, and 
responses have an increased risk of social desirability bias(85). Traditionally, self-
administered FFQs are paper-based, but web-based FFQs have increased in popularity 
alongside the increased ubiquity of technology.  A 2017 study compared the results of paper-
based and web-based administration of an FFQ, and found no statistically significant 
differences in mean nutrient intake(86). Furthermore, the web-based version reduced 
administrative burden and was preferred by 59% of participants. However, as noted in 
Section 2.2.1, computerised dietary assessment methods are only suitable for literate 
populations with internet access.  
  
2.4.1 Types of Food Frequency Questionnaire 
The use of each of the three types of FFQ is dependent on both the type and quantity of 
information required, and the characteristics of respondents(87). Qualitative questionnaires do 
not specify portion size, and therefore are unable to provide nutrient intake information(19, 
20) . Quantitative FFQs require respondents to specify food frequency and quantity 
separately, thus allowing the FFQ to assess nutrient intake(19, 20). Correlations between the 
FFQ and the reference method tend to be higher when respondents are able to describe  
portion sizes(85). However, the addition of portion size questions increases the respondent 
and administrative burden of the FFQ. Semi-quantitative FFQs balance the relative ease of 
qualitative FFQs against the ability of quantitative FFQs to obtain detailed dietary 
information. This is achieved by combining the food frequency and quantity questions i.e. by 
asking how often the respondent consumes a specified amount of a food item.  Portion sizes 
are provided in either weighed amounts (e.g. 100 grams), household measures (e.g. 1 cup), or 
standard units (e.g. 1 egg). A preference for semi-quantitative FFQs is reflected in the 
literature: of 22 previous relevant FFQs, 1 was qualitative, 2 were quantitative, and 19 were 




2.4.2 Well-known Semi-Quantitative Food Frequency Questionnaires 
The Willet FFQ(88) and the UK-EPIC FFQ(89) are both widely used and commonly adapted 
for use in different populations(84). The 130-item UK-EPIC FFQ itself was adapted from the 
136-item Willett FFQ by replacing American foods with British alternatives. Both FFQs are 
self-administered, semi-quantitative, and originally designed to assess individuals’ nutrient 
intake over the previous year in large-scale epidemiological studies. 
 
2.5 Quality Evaluation of Food Frequency Questionnaires 
2.5.1 Reproducibility 
The precision of an FFQ is estimated by reproducibility; otherwise known as reliability or 
repeatability. Test-retest reliability is the consistency of results obtained from subsequent FFQ 
administrations among the same subjects(90). Test-retest reliability can be affected by both 
random error and true dietary change. In general, the shorter the period between 
administrations, the greater the reproducibility(42). This is demonstrated by a 2016 Lebanese 
study, which re-administered an FFQ after three weeks(91). While most correlation 
coefficients between two FFQ administrations lie between 0.5 and 0.7(85), the correlations in 
the Lebanese study were very high (0.94-0.98), showing almost perfect reliability. It is likely 
that such high reliability would be partly attributed to a learned effect: whereby the 
participants remember and repeat their previous answers. Therefore, the period between 
administrations should be chosen to limit both dietary changes and recall of previous 
responses(84). Table 2.3 presents descriptions of eight reliability studies, with the period 









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2.5.2 Validity  
Comparison with Reference Methods 
Validity represents the degree of accuracy of a method. While it is impossible to determine 
absolute validity, relative validity can be assessed by comparing the results of an FFQ with a 
superior reference method(20). Because no reference method is perfectly valid, it is important 
that the errors of the reference and the test method are uncorrelated. For example, some of the 
major sources of error in FFQs are memory, question interpretation, and serving size 
estimation(19, 20). These errors are likely to be replicated in a diet history(20), and therefore 
correlations between a diet history and an FFQ may overestimate the validity of the FFQ. In 
contrast, diet records are minimally associated with memory or portion estimation errors(19), 
which makes them an ideal reference method. Similarly, biochemical indicators of dietary 
intake (biomarkers) are considered an ideal reference method due to their largely independent 
sources of error. However, the use of biomarkers as a reference method is outside the scope of 
this thesis, and the focus is on diet records. The majority of the previous validation studies 
presented in Table 2.4 used either estimated or weighed diet records as a reference method, 
while the remaining studies used multiple 24-hour diet recalls.  
 
Time Sequence 
Whereas FFQs measure previous habitual intake, diet records measure current intake. This 
means that diet records should be collected prior to the FFQ administration in order to 
measure intake over a similar period. However, the collection of diet records can increase the 
participants’ awareness of their food consumption, therefore improving their ability to 
accurately complete the FFQ(19). This means the validity of the FFQ can be overestimated. 
Consequently, it is customary to administer an FFQ twice: once before and once after the 























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Spearman and Pearson correlation coefficients are highly utilised in FFQ validation studies(84). 
Spearman correlations are indicated when variables are not normally distributed, while Pearson 
correlations are used for normally distributed variables(85). Of 22 previous validation studies, 9 
used Spearman correlations, 9 used Pearson correlations, 3 used a combination of both, and 1 did 
not specify the correlation type (Table 2.4). Both correlation types represent the strength of 
association between two variables e.g. the FFQ and the reference method. However, association 
does not demonstrate absolute agreement between variables, and systematic bias may be 
present(92, 93). Two variables may be perfectly correlated, but the value of one variable could be 
consistently half the value of the other.  
 
Intra-class correlations (ICCs) are the preferred method for assessing reliability due to their 
ability to detect systematic errors(94, 95). While Pearson correlations were previously widely 
used in reliability studies(84, 85), their limitations have led to shift towards ICCs. However, both 
correlation types have been found to provide similar results in previous reliability studies(85, 88), 
therefore they can be directly compared. 
 
Bland-Altman Method 
The Bland-Altman method illustrates the strength of agreement and degree of error between two 
quantitative measures(93, 96). Expert consensus recommends the use of the Bland-Altman 
method in FFQ validation(85). However, only 4 of the 22 previous validation studies in Table 2.4 




2.6 FFQs in New Zealand 
In NZ, the last national nutrition survey was the 2008/09 ANS(34). Since then, national dietary 
patterns have likely changed alongside adaptions in technology use, food product availability, 
and the continued cultural diversification of the NZ population(100). Population data is necessary 
to drive public health intervention, but it is not feasible to regularly conduct the ANS and collect 
24-hour recalls of thousands of New Zealanders. FFQs are a cost-effective method of collecting 
this data, and thus up-to-date and NZ-specific FFQs are required.  
 
While several sugar-specific FFQs(101, 102) and multi-nutrient FFQs including total sugar(21-
23, 103, 104) have been validated in NZ adults, to the candidate’s knowledge, none measure free 
or added sugar intake. Two multi-nutrient FFQs were validated in NZ in 2012 and 2013(26, 97), 
but both only measured individual sugar types (sucrose and fructose).  
 
The current study aimed to address this gap in the literature by evaluating the validity and 
repeatability of a short, NZ-specific FFQ for ten macronutrients, including free and added sugar.   
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3 OBJECTIVE STATEMENT 
The aim of this study is to evaluate the validity and reproducibility of a short multi-nutrient FFQ 
in a New Zealand adult population. Of particular interest is the ability of the FFQ to assess free 
and added sugar intakes: currently no NZ FFQs, and only three international FFQs(27-29) have 
been validated for either free or added sugar. If found to have acceptable validity, the FFQ could 
then be used as a dietary assessment tool in future epidemiological research.  
 
Objectives: 
1. To evaluate the relative validity of the short food frequency questionnaire for assessing 
New Zealand adults’ habitual intake of ten macronutrients over the previous three months, 
using intakes estimated from seven-day weighed diet records.  
2. To evaluate the test-retest reliability of the short food frequency questionnaire in 
assessing habitual intake of ten macronutrients by repeating administration nine to ten 














The Sugars Intake Measurement Study (SIMS) had three primary aims. Firstly, to test the 
agreement between free sugars intake measured by carbon stable isotope ratios (δ13C) in blood 
and hair samples and a sugar-specific FFQ (FFQSugar). Secondly, to identify the most cost-
effective and reliable approach for measuring δ13C as a biomarker of free sugars intakes. Thirdly, 
to validate a multi-nutrient FFQ (FFQShort17) for assessing macronutrient intake, including free and 
added sugars. This thesis focuses only on the validation of the multi-nutrient FFQShort17. The 57-
item FFQShort17 was modified from a previously validated FFQ(26). The methods in this thesis are 
adapted from Sam’s 2012 FFQ validation study(25). 
 
4.1 Development and Pretesting 
4.1.1 Development 
The 147-item UK-EPIC FFQ(105) was chosen as the foundation for the development of a short 
FFQ for use in NZ adults in 2009 (FFQShort09)(106). Food items were eliminated from the UK-
EPIC FFQ if they were not listed in the NZ Food Composition Tables(107), the NZ 1997 
National Nutrition Survey(108), or found during a tour of two Dunedin supermarkets. Items 
known by another name or brand in NZ were replaced with a suitable substitute e.g. “Crisps or 
other packet snacks e.g. Wotsits” was replaced with “Potato chips/crisps or corn chips”. To 
further reduce the size of the FFQ, foods were grouped together if they had comparable nutrient 
contents (e.g. apples & pears), the same main constituent (e.g. processed meats), or shared 




The number of frequency categories was reduced from nine to seven by collapsing the 2-3 times 
per day, 4-5 times per day, and 6 or more times per day categories in the UK-EPIC FFQ into a 
single “2 or more times per day” category in the FFQShort09. As in the UK-EPIC FFQ, two 
example questions were included at the beginning of the questionnaire. The number of 
supplementary questions was reduced from twenty-four in the UK-EPIC FFQ, to five in the FFQ. 
The supplementary questions covered dietary supplement use, consumption of other foods not 
covered in the questionnaire, consumption of milk and fat spreads, and a summary of intake from 
each food group. 
 
4.1.2 Pretesting 
A two-hour focus group was conducted in August 2009 to pre-test the FFQShort09. The focus group 
was comprised of seven male and female Dunedin residents aged 30-59. Researchers timed the 
participants as they completed the FFQ, before facilitating discussion on (a) the participants’ 
initial reactions and overall impressions; (b) the example page; (c) any foods not included; (d) 




Several changes were made to the FFQShort09, including: simplifying the two example questions, 
incorporating four open-ended questions, adding three food items, regrouping two food items, 
and rewording another two food items. Additionally, another frequency response category was 




Following feedback from Asian focus group participants, it was noted that the FFQShort09 would 
need to contain ethnic-specific foods if it were to be used among ethnic minorities in NZ. No 
ethnic-specific foods were included during revision as the FFQShort09 had been designed for those 
consuming a typical Western-style diet. The final FFQShort09 contained 64 items, two example 
questions, and seven additional questions.  
 
4.1.4 Further Adaptions 
Since the 2009 development study, further changes were made to the FFQ. Changes included 
rewording food items (e.g. “yoghurt, plain or flavoured” changed to “yoghurt”) and changing 
serving sizes (“1 tsp” oil serving size changed to “1 Tbsp”). This version of the FFQShort09 was 
validated in 2012(26), as part of a larger validation study by Sam et al(97). 
 
Since the 2012 validation study, another change has been made, whereby the FFQ now asks the 
participant about their intake over the previous three months, as opposed to the previous twelve 
months, in order to assess if habitual diet can be assessed over a shorter time period.  Ultimately, 
the FFQShort17 validated in this thesis contains 57 items, two example questions, and nine 
additional questions (Appendix A). 
 
4.2 Validation Study 
4.2.1 Ethical Approval 
The Human Ethics Committee of the University of Otago approved this study (Appendix B) 
Māori consultation was undertaken, and participants were provided with the opportunity to ask 





The study recruited a convenience sample of Dunedin residents via word-of-mouth, Facebook 
posts, posters placed around the University of Otago campus, and an advertisement in a free local 
newspaper (The Star). Recruitment began in January 2017 and continued until March 2017. 
 
The following participant eligibility criteria was used: 
§ Dunedin residents aged 18-70yrs at the onset of the study 
§ No current major chronic disease: 
o Definition of major chronic disease included but was not limited to: diabetes 
mellitus, pre-diabetes, kidney disease, liver disease, gastro-oesophageal reflux 
disease 
§ Those physically and mentally able to: 
o  provide written informed consent to participate in the study 
o recall and record their typical diet from the preceding three months 
o weigh and record food eaten  
 
4.2.3 Validation Reference 
As the current “gold standard” for nutritional assessment(19), a weighed diet record was selected 
as the dietary reference. The 7DDR was collected once per week for seven consecutive weeks. 
Participants were randomly assigned days to complete their diet record to ensure that each 




4.2.4 Procedures for Data Collection 
Potential participants were provided with a study information sheet (Appendix C) by email or 
post. Once they had received the information sheet, they could book their baseline appointment. 
All appointments were held at the Department of Human Nutrition’s Union Court Clinic, 
University of Otago. The study included two clinic visits, one at baseline (Week 1) and one at 
follow up (Week 9-10), as well as online completion of FFQSugar at Week 4 and Week 7. 
Participants collected their weighed diet records from Week 1 to Week 7, and were sent email or 
text reminders the day before they were to record their diet. The timeline of the study design is 
illustrated in Figure 4. 1. 
  
At the baseline appointment (Week 1), participants were required to fill in a consent form 
(Appendix D) and a personal details form (Appendix E) which covered contact details, 
demographics, and medical history. Verbal instructions on the collection of weighed food records 
were given, and participants were provided with: 
§ A personalised calendar showing the randomised food record collection dates, dates that 
the online FFQSugar would be sent out, and the week that a final appointment would be 
booked in. 
§ A weighed food record information sheet (Appendix F) 
§ A weighed food record booklet, with recording examples on pages 1-4 (Appendix G) 
§ An electronic kitchen scale (Model 1023; Salter Housewares Ltd, Tonbridge, England; 




































































































































































































































































































































































































































































Participants were instructed to keep their scales and food record booklet during the study, and 
return them at their final appointment. Upon completion of the study, participants were 
compensated with a $100 grocery voucher.  
 
At the baseline and final appointments, participants filled in the multi-nutrient FFQShort17 and had 
their blood pressure, height, weight, and body fat percentage measured by trained research 
assistants. Participants were instructed to fill in the FFQShort17 based on their typical intake over 
the previous three months, and to answer every question. Research assistants were available to 
answer any questions from participants while completing the FFQShort17.  
 
Participants removed their shoes and socks, excess clothing and any items in their clothing 
pockets prior to their height, weight and body fat measurements. Duplicate height measurements 
were taken using a stadiometer (type 213, Seca, Hamburg, Germany; precision ±0.1 cm), with a 
third measurement taken if the two measures differed by 0.5 cm. As per the ANS 
methodology(109), if a third measurement was required the mean of the closest two values was 
used.   
 
Weight and body fat were measured using a bio-impedance scale (type BC-418, Tanita, Tokyo, 
Japan; precision ±0.1 kg, ±0.1% body fat), with a third measurement taken if the two initial 
measures differed by 1 kg or 5.0%, respectively. The settings on the bio-impedance scale were 
set to allow for 0.5 kg of clothing, and all participants were assumed to be of “standard” body 
type. Body mass index (BMI) was calculated as weight (kg) divided by height squared (m2). 
Participants were then classified into weight groups using the World Health Organisation’s BMI  
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cut-offs: underweight (<18.5 kg/m2), normal weight (18.5-24.9 kg/m2), overweight (25-29.9 
kg/m2). A hair and blood sample was taken at both appointments, but the analysis of these 
samples is outside the scope of this thesis.  
 
4.2.5 Research Team Training 
Staff were trained on correct procedures for data collection (Section 4.2.4) and followed standard 
operating protocol. 
 
4.3 Dietary Data Entry and Processing 
4.3.1 Food Frequency Questionnaires 
FFQ responses were entered into a spreadsheet on Excel (Microsoft Corporation, 2016). The 
spreadsheet calculated the participants’ daily average intake of 41 nutrients. This thesis focuses 
only on energy, protein, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, total 
carbohydrate, free sugar, added sugar, and dietary fibre.  
 
Each food item’s nutrient profile was calculated using ANS data, the latest nationally 
representative dataset available (34). Many food items in the FFQ consisted of several foods 
grouped or collapsed into a single food item e.g. “Apples/Pears”. All foods included in each 
grouped (or collapsed) food item were weighted by their reported frequency of consumption in 
the ANS data set. For example, the nutrient profile of the FFQ item “Apples/Pears” was made up 
of 84% apples and 16% pears. Likewise, the FFQ item “Breakfast Cereal” was made up of 76% 
“Weetbix”, 17% cornflakes, and 8% “Nutri-grain”. The nutrient values of each weighted food 
were multiplied by their percentage contribution, then summed, to produce a nutrient profile for 
each food item that best reflected typical NZ food choices. The nutrient values were sourced from 
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the 2010 version of the NZ Food Composition Database(110), with the exception of the free and 
added sugar values. These were calculated using the ten-step process outlined in Appendix H 
(13, 14). The nutrient values sourced from the 2010 version of NZ Food Composition Database 
were checked against the 2014 version(111) for consistency. As no meaningful changes were 
seen, the original values were retained.  
 
4.3.2 Diet Records 
Diet record data was analysed via the web-based dietary assessment software Ó Kai-culator 
[v1.15h], using FOODfiles 2014v01(111). All records were entered by a trained nutritionist. If 
recorded food items were unavailable in the Kai-culator database, they were substituted with 
generic items or recipes that had similar nutrient compositions. For example, “Pepsi Max” was 
substituted with “Soft drink, cola, diet” (Appendix I). When there was no generic substitution 
available, an appropriate alternative was decided by consensus from two or more trained 
nutritionists/dietitians. When a food was inadequately described and no further information could 
be gained from the participant, the matching food item with the highest reported frequency in the 
ANS was selected. For example, “Bread” was assumed to be “Bread, white, sliced, ppk, South 
Island” (Appendix J). Additional assumptions were made regarding missing information e.g. if a 
participant didn’t weigh a food item or describe its size, the medium or regular option was chosen 
from the default size options on the database (Appendix K). 
 
4.3.3 Under-Reporting 
Participants who reported unrealistically low energy intake were identified using Goldberg cut-
offs(112). For detection of FFQShort17 under-reporters, Goldberg’s lower 95% cut-off value for one  
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day of dietary intake (0.87) was used, while Goldberg’s lower 95% cut-off value for seven days 
of dietary intake (1.05) was used to detect under-reporters in the 7DDR(112). Mean energy intake 
(EI) was divided by estimated resting metabolic rate (RMRest) to provide a EI:RMRest ratio that 
could be compared to the aforementioned cut-offs. The calculation of RMRest in this study is 
adapted from the methods used to identify under-reporters in the ANS(63). Rather than using 
ethnicity-based formulae to compute fat free mass (FFM), this study used direct measurements 
from a bio-impedance scale. The equation used to calculate RMRest was taken from Bogardus et 
al.(113): RMRest (kilocalories per day) = (22.8 x FFM) + 489. The kilocalorie energy value was 
converted to kilojoules by multiplication with 4.184.  
 
4.3.4 Inclusion of Supplements 
Supplement intake data was collected via a yes/no question in the FFQShort17, but was not utilised 
in this thesis. Excluding protein powders, supplements recorded in the diet records were not 
entered into Kai-culator. This was due to the lack of comprehensive supplement data in the 
database. 
 
4.4 Statistical Analyses 
Analyses were performed using either Excel (Microsoft Corporation 2016), or Stata 14.2 
(StataCorp, Texas). 
 
4.4.1 Number of Recording Days 
Seven days of diet records was chosen as an appropriate measure of habitual macronutrient 
intake. Expert consensus is that three to seven days should be suitable to measure habitual 
nutrient intake, depending on the nutrients of interest(19). While the validation study of the 
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FFQShort09 used eight day diet records, this was due to the need to validate intake of nutrients with 
large day-to-day intake variation, such as Vitamin A(25). In this study, seven days was chosen to 
balance participant burden against the number of nutrients the FFQShort17 would provide data on.  
 
4.4.2 Sample Size and Composition 
Power calculations determined that a sample size of 100 participants would be sufficient to 
identify a correlation of 0.3 between free sugars intakes estimated from the the FFQSugar and the 
δ13C biomarker. Allowing for a 20% drop out rate, a sample size of 120 participants was chosen 
for the SIMS study. This matches Cade et al.’s recommendation of 100-200 participants for FFQ 
validation studies(84). To collect sufficient data from both sexes, the study aimed to recruit 50% 
males. No targets were made regarding the ethnic group or age composition of the sample. 
 
Despite the sample size calculated for the greater SIMS study, Cade et al. also claims that a 
sample size of at least 50 should be sufficient for validating an FFQ using the Bland-Altman 
method (84). A sample size of 100-200 is recommended for validation using correlation 
coefficients(84). Ultimately, the number and composition of participants used in this thesis was 
determined by the number that had complete data available by 30th April 2017. 
 
4.4.3 Mean Nutrient Intake 
The mean nutrient intake and standard deviation (SD) from both FFQShort administrations and the 





4.4.4 Test-retest Reliability 
Spearman Correlations 
Spearman correlation coefficients were calculated to assess agreement between first and second 
administration of the FFQShort17 for the nutrients of interest. While intraclass correlations (ICCs) 
are considered to be a better statistic for assessing reliability(17), time restraints meant that they 
were unable to be calculated for this thesis.  
 
Cross-Classification 
Cross-classification was undertaken by dividing participants into tertiles based on their intake 
levels for each nutrient of interest. Group allocations for both FFQShort17 administrations were 
compared to assess the reliability of the FFQShort17 for ranking participants. If a participant was in 
the same group for both administrations, they were considered to be correctly classified. If a 
participant shifted between the top and bottom tertile between administrations, it was considered 
gross misclassification.  
 
4.4.5 Validity 
Validity measures were assessed using the FFQShort172 and 7DDR. The first FFQShort17 
administration was not used in validity analysis because it collected dietary information on the 3-
month period preceding 7DDR collection. The FFQShoet172 provided a more direct comparison to 
the 7DDR as it collected dietary information on the 3-month period that included the 7-week 







Spearman correlations were used to assess the strength of association between the assessment 
methods (FFQShort172 AND 7DDR). Energy adjustment of nutrient data was unable to be 
completed for this thesis.  
 
Bland-Altman Analysis 
Bland-Altman analysis(96) is recommended to assess agreement(85), and was used for all ten 
nutrients measured in this study. As the difference between FFQShort172 and 7DDR did not follow 
a normal distribution for any nutrient, natural log transformations were performed. Therefore, the 
difference between the log-transformed variables [log(FFQShort172) – log(7DDR)] was plotted 
against the mean of the non-log-transformed variables [(FFQShort172 + 7DDR)/2].  
 
For interpretation, the log-transformed mean differences and 95% limits of agreement (LOA) 
were exponentiated to give the ratio of geometric means, which is reported here as mean 
percentage difference between measures. A mean percentage agreement of 120% would indicate 
that the nutrient intakes from the FFQShort172 were 20% higher than that of 7DDR on average; 
whereas a mean percentage agreement of 80% would indicate nutrient intakes from the 
FFQShort172 were 20% lower on average. However, over/under-estimations are only statistically 
significant if the 95% confidence interval does not include 100(93).  
 
The LOA is an interval representative of mean difference ±1.96 SD. 95% of mean difference 
values from the two methods are expected to lie within the LOA. Thus, the narrower the LOA, 
the smaller the differences between methods. There are no recognised cut-offs for mean 
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percentage agreement or LOA, therefore the results of this study were compared with results 
from previous relevant studies.  
 
Cross-Classification 
Tertile allocations for FFQShort172 and 7DDR were used to assess the validity of the FFQShort17 for 
ranking participants. As with reproducibility, if a participant was in the same tertile for both 
methods, it was considered correct classification. But if a participant was in extreme tertiles, it 























5  RESULTS 
5.1 Participants 
5.1.1 Participant Characteristics 
A total of 65 participants were included in this validation study, and two-thirds of them were 
female. Participant characteristics are presented alongside those of the general NZ adult 
population in Table 5.1. Participant ages ranged from 20-69 years, with a mean age of 32.6. Most 
participants were in the normal weight range (BMI 18.0-24.9), while almost a third were 
overweight or obese (BMI ≥ 25.0). While 89% of participants identified as NZ European or 
European, 8% identified as Māori, and 6% as Asian. Three-quarters of participants had never 
smoked, and only two participants were current smokers.  
Compared to the NZ population, the participants in this study had lower BMI, and were less 
likely to be current or former smokers. The study population also had considerably less 
representation from Māori and Asian people, and none from Pacific Islanders.  
 
5.1.2 Under-reporting 
The Goldberg cut-off was used to identify energy under-reporters in the SIMS study (Table 5.2). 
It was estimated that 18% of participants under-reported in the FFQShort172, while 22% of 
participants under-reported in the 7DDR. This level of under-reporting is similar to other studies 
e.g. 23% in the ANS(63), 13-27% in Sam’s study(25). Under-reporting prevalence increased as 
BMI increased, but no other patterns of underreporting were observed. Six participants under-
reported in both the FFQShort172 and the 7DDR, while 14 participants only under-reported in one 
method. On average, the under-reporters in the 7DDR reported intake that was 29% lower than 
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Table 5.1: Participant characteristics compared to characteristics of the general New Zealand adult 
population 
  Baseline (n=65) NZ Populationa 
Characteristic n % %  
Sex      
 Male 22 34 -  
 Female 43 66 -  
Age, years     
 18-29 32 49 -  
 30-39 21 32 -  
 40-49 6 9 -  
 50-59 2 3 -  
 60-69 4 6 -  
BMI, kg/m2     
 < 18 2 3 1  
 18-24.9 43 66 32  
 25-29.9 13 20 35  
 ≥ 30  7 11 32  
Ethnicity     
 New Zealand European 41 63 69d  
 Europeanc 17 26   
 Māori 5 8 13  
 Asiane 4 6 12  
 Otherf 3 5 2  
 Pacific Islander 0 0 6  
Smoking Status     
 Never 49 75 59  
 Former 14 22 24  
 Current 2 3 16  
n = number of participants; % = percentage of participants; mmHg = millimetre of mercury; 
BMI = body mass index; kg/m2 = weight in kilograms divided by height in metres squared 
      
aWeight, BMI, and smoking status statistics obtained from Annual Update of 2015/2016 New 
Zealand Health Survey using data from adults (aged 15 years and over). Ethnicity data 
obtained from 2013 New Zealand Census data, Statistics NZ (population aged 15 - 69 years). 
bParticipants could identify with more than one ethnicity, and were therefore counted in each 
applicable group. This means the percentages of each ethnic group do not add up to 100 
percent.  
cEuropean includes: French, British, Dutch, German, Polish, Italian, Russian, Irish, Swedish, 
Austrian, Canadian and American. 
d2013 New Zealand Census data grouped "NZ European" and "European". This combined 
European group includes Americans and Canadians. 
eAsian includes: Chinese, Indian, and Maldivian.    
fOther includes: Argentinian, Persian, Iranian and Batswana.   
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Table 5.2: Characteristics of under-reportersa in the current study by seven-day diet record (7DDR) and 
second administration of the FFQShort17 (FFQShort172), compared to data from the New Zealand 2008/09 
Adult Nutrition Survey (ANS08/09) 
   
  
FFQShort172 (n=65) 7DDR (n=65)  
ANS08/09b 
(n=3919) 
Characteristic n % n % % 
Total under-reporters 14 22 12 18 23 
Sex       
 Male 6 27 6 27 21 
 Female 8 19 6 14 25 
Age, yearsc      
 18-29 6 19 6 19 18.9 
 30-39 5 24 4 19 19.3 
 40-49 1 17 1 17 21.9 
 50-59 1 50 1 50 24.3 
 60-69 1 25 0 0 33.9 
BMI, kg/m2      
 < 18 0 0 1 50 - 
 18-24.9 8 19 5 12 16.3 
 25-29.9 3 23 3 23 24.7 
 ≥ 30  3 43 3 43 29.7 
Ethnicityd      
 NZ European 10 24 8 20 22.3 
 European 4 24 2 12  
 Asian 1 25 2 50  
 Other 1 33 1 33  
 Māori 1 20 0 0 25.6 
n = number of participants; % = percentage of participants; BMI = body mass index; kg/m2 = weight in 
kilograms divided by height in metres squared; NZ = New Zealand 
aDetermined using Golberg cut-offs: FFQShort172 = 0.87; 7DDR = 1.05; ANS08/09 = 0.9. 
bEnergy intake was determined by a single 24-hour recall (University of Otago & Ministry of Health 
2011; Gemming et al. 2014). 
cAge categories used in the ANS08/09:15-29; 30-39; 40-49; 50-64; >65.  
d2013 ANS08/09 grouped participants in three ethnicity groups: NZ European & Other (NZEO), Māori, 
and Pacific. NZEO encompassed all ethnicities that weren't Māori or Pacific. 
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the Goldberg cut-off. 42% (n=5) of these participants under-reported by more than 29%. 
 
5.2 Mean nutrient intakes 
Mean nutrient intake from the diet records and both administrations of the FFQShort17 are displayed 
in Table 5.3. Mean nutrient values derived from FFQShort172 were consistently lower than mean 
nutrient values from FFQShort171 and the 7DDRs. Estimated mean energy was very similar 
between FFQShort171 and 7DDR (37kJ difference), with the FFQShort171 producing four nutrients 
with higher and six nutrients with lower estimates than the 7DDR. For example, FFQShort171 
estimated mean protein to be 6.3g higher, and mean added sugar to be 10.6g lower than the 
7DDR.  
 
5.3 Test-retest reliability 
5.3.1 Correlation Coefficients 
Spearman correlation coefficients were used to assess reliability of nutrient intakes estimated by 
repeat administration of the FFQShort17 (Table 5.4). According to Cade et al.(85), correlations 
between repeat administrations of FFQs are commonly between 0.50-0.70. Spearman correlations 
found in this study ranged from 0.51 (PUFA) to 0.69 (SFA), showing acceptable agreement.  
 
5.3.2 Cross-classification 
Table 5.5 shows the cross-classification of repeat administrations of the FFQShort17, whereby 
participants were ranked into tertiles based on nutrient intake. Added sugar had the highest rate of 
correct classification with 58.5% of participants being classified into the same tertile 








































































































































































































































































































































































































































































































Table 5.4: Reliability correlation coefficients (CC) for repeated administrations of food frequency 
questionnaires (FFQs) as reported by the SIMS study and other previous relevant reliability studies 
Nutrient SIMSab Results from previous studiescd 
Energy  0.56 0.55 - 0.96 
Protein 0.59 0.57 - 0.96 
Total Fat  0.68 0.54 - 0.95 
SFA  0.69 0.52 - 0.81 
MUFA  0.64 0.56 - 0.80 
PUFA  0.51 0.62 - 0.78 
Carbohydrate 0.52 0.57 - 0.97 
Added Sugar 0.68 - 
Free Sugar  0.67 - 
Fibre  0.56 0.63 - 0.98 
SFA = saturated fat; MUFA = monounsaturated fat; PUFA = polyunsaturated fat 
aSpearman CC between the first and second administrations of the FFQShort17 collected 9-10 weeks 
apart in 65 participants. 
bAll values statistically significant (p<0.05).  
cThe range of CC from 8 previous FFQ reliability studies published since 01/01/2011, assessing 
reliability of self-administered FFQs developed for adult populations that either measure sugar 
intake, or are multi-nutrient FFQs developed from UK-EPIC or Willett, 1985. The included studies 
administered an FFQ twice between 3 weeks to 9 months apart. For more details on the included 
studies see Table 2.3. 
dSix studies presented intraclass correlations (ICC), while two studies presented Person correlation 
coefficients. An acceptable correlation for either measure is 0.5 or above (Cade et al. 2004). 
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Table 5.5: Reproducibility of mean daily nutrient intakes derived from two administrations of the 
FFQShort17 using cross-classification by tertile 
Nutrient Correct (%)a Gross (%)b 
Energy 53.9 6.2 
Protein 52.3 4.6 
Fat, total 56.9 3.1 
SFA 56.9 6.2 
MUFA 56.9 3.1 
PUFA 41.5 9.2 
Carbohydrate 50.8 3.1 
Added Sugar 58.5 1.5 
Free Sugar 56.9 3.1 
Fibre 52.3 4.6 
SFA = saturated fat; MUFA = monounsaturated fat; PUFA = polyunsaturated fat 
aPercentage of participants correctly classified i.e. classified into the same tertile of nutrient intake for 
two administrations of FFQShort17. 
bPercentage of participants grossly misclassified i.e. classified into extreme tertiles of nutrient intake 
between two administrations of FFQShort17.
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for both FFQShort17 administrations. PUFA had the lowest rate of correct classification at 
41.5%. All other nutrients had above 50% of participants correctly classified. However, some 
participants were classified into extreme tertiles i.e. their nutrient intake was ranked in the 
bottom tertile for one FFQShort17 administration, and the top tertile for the other. Added sugar 
had the lowest rate of misclassification into extreme tertiles at 1.5%, and PUFA had the 
highest rate at 9.2%. These cross-classification results are unable to be directly compared to 
previous studies, as quartiles or quintiles are most commonly used to rank participants by 
nutrient intake.  
 
5.4 Relative Validity 
5.4.1 Correlation Coefficients 
Crude Spearman correlation coefficients for nutrient estimates derived from FFQShort172 and 
7DDR are shown in Table 5.6. Correlations ranged from 0.44 (carbohydrate) to 0.58 (total fat 
and MUFA). All correlations were within the range found in previous studies, except MUFA, 
which had a higher correlation than the 15 selected studies that reported it.  
 
5.4.2 Bland-Altman Method 
The strength of agreement between the FFQShort172 and the 7DDR is determined by the mean 
percentage agreement and limits of agreement for each nutrient. The data was natural log-
transformed for Bland-Altman analysis, then back-transformed and converted into 
percentages for ease of interpretation (Table 5.7).  Mean percentage agreement ranged from  
79 (free sugar) to 96 (fibre). Protein, carbohydrate, and fibre showed good agreement; with 
mean agreement values close to 100 and 95% confidence intervals (CI) containing 100. Mean 
underestimation of added sugar intake by the FFQShort17 was 18% (95% CI: 64-100). All other 
nutrients had mean percentage agreement values and confidence intervals below 100. This  
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Table 5.6: Correlation coefficients (CC) between food frequency questionnaires (FFQs) and validation 
methods reported by the SIMS study and previous relevant validation studies 
Nutrient SIMSab Results from previous studiesc 
Energy  0.54 0.16 - 0.76 
Protein 0.53 -0.21 - 0.59 
Total Fat  0.58 0.15 - 0.68 
SFA  0.56 0.21 - 0.71 
MUFA  0.58 -0.25 - 0.56 
PUFA  0.53 -0.30 - 0.64 
Carbohydrate 0.44 -0.24 - 0.76 
Added Sugar 0.50 0.41 - 0.74d 
Free Sugar  0.51 0.37 - 0.38e 
Fibre  0.51 0.25 - 0.92 
SFA = saturated fat; MUFA = monounsaturated fat; PUFA = polyunsaturated fat 
aCrude Spearman CC for the FFQShort172 against 7-day weighed diet records collected in 65 
participants. 
bAll values statistically significant (p<0.05).  
cThe range of CC from 22 previous FFQ validation studies published since 01/01/2011, validating 
self-administered FFQs developed for adult populations that either measure sugar intake, or are 
multi-nutrient FFQs developed from UK-EPIC or Willett, 1985. For more details on the included 
studies see Table 2.4. 
dTwo studies measured added sugar.  
















Table 5.7: Strength of agreement using the Bland-Altman method between nutrient intakes derived 
from 7-day weighed diet records (7DDR) and the second administration of the FFQShort17 
Nutrient Mean % Agreement 95% CI LOA 
Energy  90 89, 97 51 - 159 
Protein 94 86, 102 50 - 179 
Total Fat  86 77, 94  43 - 172 
SFA  87 76, 98 37 - 204 
MUFA  87 78, 96 41 - 183 
PUFA  85 74, 95 37 - 195 
Carbohydrate 93 85, 101 49 - 178 
Added Sugar 82 64, 100 19 - 355 
Free Sugar  79 61, 96 19 - 324 
Fibre  96 87, 105 46 - 199 
LOA = limits of agreement; CI = confidence interval; SFA = saturated fat; MUFA = monounsaturated 
fat; PUFA = polyunsaturated fat 
aData from FFQ and 7DDR were collected from 65 participants, natural log-transformed to produce 
Bland Altman plots, then back-transformed and converted into a percentage for ease of 
interpretation. 
bMean % Agreement = (FFQ/7DDR) x 100%. 	




demonstrates that the FFQShort17 statistically significantly underestimates population intakes of 
energy, fat, SFA, MUFA, PUFA and free sugar compared to the 7DDR.  
 
Energy had the narrowest limits of agreement (51-159), while added sugar had the widest 
limits of agreement (19-355). This indicates that an individual’s energy intake estimated by 
the FFQShort17 could be between 49% lower and 59% higher than that from the 7DDR. It also 
indicates that the FFQShort17 could overestimate an individual’s added sugar intake by over two 
and half times that of the 7DDR. Overall, the wide limits of agreement demonstrate that the 
FFQShort17 is not appropriate for determining nutrient intake of individuals, which is consistent 
with the findings of other relevant FFQ validation studies.  
 
Figure 5.1 and 5.2 display Bland-Altman plots for energy and fibre respectively. The plots 
illustrate the difference between FFQShort17 and 7DDR against mean nutrient intake. As the 
data was log-transformed, the plots were used to detect data patterns at different mean intake 
levels, rather than to determine the exact difference between methods. The data in Table 5.7 
provides this via back-transformed mean percentage agreements and limits of agreement. 
Both plots show data clustered around the line of mean difference, with several outliers 
outside the limits of agreement. There are no apparent patterns in the positioning of the data 
points at different mean nutrient levels, which indicates that the FFQShort17 does not produce 
estimates closer to that of the 7DDR at specific intake levels. Bland-Altman plots were 
produced for eight additional nutrients, and they also had no apparent bias at different nutrient 
intake levels (Appendix L). 
 
5.4.3 Cross-classification 
Cross-classification was conducted between FFQShort172 and the 7DDR, whereby participants 




Figure 5.1: Bland-Altman plot for demonstrating the strength of agreement between the second 
administration of the food frequency questionnaire (FFQShort172) and the seven-day diet records 
(7DDR) for crude energy intake after natural log transformation 
 
 
Figure 5.2: Bland-Altman plot for demonstrating the strength of agreement between the second 
administration of the food frequency questionnaire (FFQShort172) and the seven-day diet records 













































































Table 5.8: Reproducibility of mean daily nutrient intakes derived from 7-day weighed diet records 
(7DDR) and the second administration of the FFQShort17 (FFQShort172) using cross-classification by 
tertile 
 Correct (%)a Gross (%)b 
Energy 47.7 9.2 
Protein 53.8 9.2 
Fat, total 58.5 7.7 
SFA 52.3 7.7 
MUFA 55.4 7.7 
PUFA 43.1 7.7 
Carbohydrate 41.5 12.3 
Added Sugar 49.2 7.7 
Free Sugar 49.2 7.7 
Fibre 43.1 10.8 
SFA = saturated fat; MUFA = monounsaturated fat; PUFA = polyunsaturated fat 
aPercentage of participants correctly classified i.e. classified into the same tertile of nutrient intake for 
7DDR and FFQShort172. 
bPercentage of participants grossly misclassified i.e. classified into extreme quartiles of nutrient intake 
between 7DDR and FFQShort172. 
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correct classification with 58.5% of participants being classified into the same tertile by both 
methods. Carbohydrate had the lowest rate of correct classification at 41.5%. All other 
nutrients had between 43.1% and 55.4% of participants correctly classified. The fats and 
sugars shared the lowest rate of misclassification into extreme tertiles at 7.7%, while 
carbohydrate had the highest rate at 12.5%. As with the previous cross-classification results, 
these results are unable to be compared to previous studies due to the use of tertiles in place of 





The present study was conducted to assess the reliability and validity of the 57-item multi-
nutrient FFQShort17. While a version of the FFQ (FFQShort09) was validated in 2013(26), it is 
important to periodically re-evaluate the reliability and validity of FFQs to ensure they can 
continue to be used. This is especially necessary if the questionnaire is adapted, such as in this 
study, where the recall period changed and assessment of free and added sugar intake was 
incorporated. The FFQShort17 was designed to measure typical nutrient intake of healthy NZ 
adults over the preceding three months.  
 
6.1 Test-retest Reliability 
Reliability was primarily assessed using Spearman correlation coefficients. Correlations 
assess the association between two methods, not the agreement. Spearman correlations have 
been used in many previous reliability studies(85), but are losing favour with researchers: 
only two of eight relevant reliability studies published since January 2011 used Spearman or 
Pearson’s correlations(26, 91, 97, 101, 102, 114-116). This is likely due to their limitations in 
detecting systematic errors(94). Intra-class correlations (ICCs) are now more commonly used, 
as they are considered the “gold standard” due to their ability to detect error within and 
between participants(94, 95). ICC analysis is outside the scope of this thesis but will be 
investigated as part of a manuscript that will be produced from these data.  
 
Correlations between the two administrations of the FFQShort17 ranged from 0.51 (PUFA) to 
0.69 (SFA); almost perfectly matching the “commonly found” range of 0.50 to 0.70 noted by 
Cade et al.(85). These values were also in line with previous relevant reliability studies (see 
Table 5.4), including the 2013 reliability study of the FFQShort09(26) and the studies presented 
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in Sam’s thesis(25). Unfortunately, no reliability studies including free or added sugar were 
found. However, the correlations for free sugar (0.67) and added sugar (0.68) were the second 
and third highest correlations of all nutrients measured. The FFQShort09 had higher reliability 
for energy, PUFA, and carbohydrate intake than the FFQShort17. This was unexpected 
considering administration of the FFQShort09 was repeated after 9 months, whereas the FFQShort17 
was repeated after 9-10 weeks. Cade et al. reported that the shorter the time between repeat 
administrations, the smaller the variation in intake derived from each administration(85). This 
is likely due to a learned effect whereby participants remember and repeat what they recorded 
in the first administration. This pattern is mirrored in the results of the previous relevant 
reliability studies, where the highest correlations were found in the study with the smallest 
interval between administrations (3 weeks)(91); and the smallest correlations were found in 
the study with the largest interval between administrations (9 months)(97).  
 
However, the variation seen in the current study may be attributed to a seasonal shift in eating 
patterns. The FFQShort17 was used to measure intake over the three previous months, and 
during the first administration in January/February this encompassed summer and the 
Christmas season. The second administration took place in March/April and therefore 
measured intake during the end of summer and the shift to autumn. Seasonal changes in food 
consumption are largely caused by shifts in product availability and cost(117) e.g. stone 
fruit’s high availability in NZ during the summer period, further evidenced by higher intakes 
of stone fruit in the diet records during this period, compared to later records. This is in 
contrast with foods freely available throughout the year, such as bananas and potatoes, which  
showed no such variation in consumption(118). Another potential cause of variation between 
FFQShort17 administrations was the act of completing food records. People have been found to 
change their diets while completing diet records(20), often eating less overall or eating in a 
way they perceive as “healthy”. Therefore, it is possible that participants reported lower food 
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intakes in the FFQShort172 due to actual dietary changes that occurred in response to 7DDR 
collection. 
Reliability was also assessed using cross-classification, which showed that over 50% of 
participants were correctly classified for all nutrients (except PUFA, with 41.5%). 
Additionally, there were low levels of gross misclassification (≤9.2%) which was relatively 
comparable to that of Sam(25). While these results appear to show the FFQShort17 has a reliable 
ranking ability, none of the previous relevant reliability studies used tertiles for cross-
classification, meaning direct comparisons are unable to be made. 
 
6.2 Relative Validity 
Crude Spearman correlations for all ten nutrients were within the range of 0.3 to 0.7, which is 
considered “acceptable” to “good” for validity(20). The correlations for each nutrient were 
also within the range of the 22 previous relevant validation studies(26-29, 88, 89, 91, 97-99, 
101, 102, 114-116, 119-125), and the studies presented in Sam’s thesis(25). Energy-
adjustment was outside the scope of this thesis, but may have increased the validity 
correlations, as seen in the 2013 FFQShort09 validation study(26). Energy-adjusted correlations 
provide information on nutrients independent of energy intake, which can be useful when 
estimated energy intake varies between methods. Energy-adjustment will be completed during 
analysis for publication.  
 
While Spearman correlations indicated acceptable validity, Bland-Altman analysis was used 
to gain information about the absolute differences between the nutrient estimates from the 
FFQShort17 and the 7DDR. There are no well-established cut-offs for mean percentage 
agreement or limits of agreement (LOA), so the results were compared to previous validation 
studies (Table 6.1). To the candidate’s knowledge, only four relevant validation studies   
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Table 6.1: Description of previous validation studies of food frequency questionnaires (FFQs) which 
assessed the strength of agreement using the Bland-Altman method: presented as mean percentage 
agreement (limits of agreement) 
	  Results from previous studiesa 
 SIMS  Kaartinen, 
2011 




Data Type Crude E-adjusted Crude Crude Crude 
Energy  90* (51 - 159) -	 102 (53-195) 100 (54-186) 96 (47-192) 
Protein 94 (50 - 179) -	 99 (52-189) 104 (57-190) 103 (46-231) 
Total Fat   86* (43 - 
172) 
-	 103 (46-231) 103 (49-216) 97 (40-237) 
SFA  87* (37 - 204) -	 109* (102-
117) 
107 (47-245) 100 (38-261) 
MUFA  87* (41 - 183) -	 103 (44-239) 106 (47-245) 95 (36-254) 
PUFA   85* (37 - 
195) 
-	 96 (40-229) 100 (42-237) 90 (31-264) 
Carbohydrate 93 (49 - 178) M=126* (NS) 
F=126* (NS) 
103 (52-204) 97 (49-194) 92 (42-204) 
Added Sugar 82 (19 - 355) -	 -	 - -	
Free Sugar  79* (19 - 324) -	 -	 - -	
Dietary Fibre  96 (46 - 199) M=133* (NS) 
F=143* (NS) 
126* (58-274) 106 (50-226) 87 (36-214) 
E-adjusted = energy adjusted; LOA = limits of agreement; SFA = saturated fat; MUFA = 
monounsaturated fat; PUFA = polyunsaturated fat; M = male; F = female; NS = not specified 
aThe mean percentage agreement and limits of agreement from 4 previous FFQ validation studies. 
All studies were published since 01/01/2011, and validated self-administered FFQs developed for 
adult populations that either measure sugar intake, or are multi-nutrient FFQs developed from UK-
EPIC or Willett, 1985. For more details on the included studies see Table 2.4. 
bSignificance for mean percentage agreement not reported. 	 	
cUnpublished data. 	 	 	 	
*Significant mean percentage agreement (confidence interval excludes 100): mean percentage 
agreement above 100 indicates statistically significant overestimation; mean percentage agreement 





published since January 2011 included Bland-Altman results with mean percentage agreement 
values(26, 97-99). Unfortunately, none of these studies included free or added sugar. 
However, free and added sugar had narrower limits of agreement than vitamin C (51-502) and 
vitamin A (48-401) as measured in Sam’s study(25). LOA were comparable to the previous 
studies for all other nutrients except that of saturated fat, which were wider (LOA: 37-204). 
Despite having comparable LOA to other studies, it was found that the FFQShort17 statistically 
significantly underestimated intake of energy, fat, SFA, MUFA, PUFA and free sugar 
compared to the 7DDR. This was unexpected as crude data from the one-year version of the 
questionnaire (FFQShort09) showed no statistically significant over- or under-estimation (free 
sugar was not measured)(26). In fact, when data was energy adjusted, the FFQShort09 was found 
to overestimate intake of most macronutrients. However, the fact that the FFQShort17 
underestimated energy by 10% on average means that intake of other nutrients could be 
underestimated due to energy-dependent intake, which may be controlled by energy-
adjustment. The 10% energy underestimation itself was considered acceptable due to a high 
upper range of the confidence interval (CI) for mean percentage agreement (95% CI: 89-97), 
and a narrower LOA for energy than previous studies (LOA: 51-159)(26, 97, 98). 
 
Cross-classification was used to assess the validity of the FFQShort17 for ranking participants by 
nutrient intake. At least 43.1% of participants were correctly classified and ≤12.3% were 
grossly misclassified for all nutrients. In the FFQShort09 validation study, energy-adjustment 
increased correct classification and reduced gross misclassification for all macronutrients(26). 
It is possible that energy-adjustment of FFQShort17 would result in similar improvements in 
cross-classification. Regardless, the crude data appeared to show that the FFQShort17 has a good 
ranking ability for all assessed nutrients. However, as previously noted, cross-classification is 
commonly completed using quartiles or quintiles so direct comparisons to previous research 
cannot be made. 
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6.3 Strengths & Limitations 
The use of 7DDR as the dietary reference method was a strength of the current study. 
Weighed diet records (WDR) are considered the best method for validation, due to having the 
lowest correlated errors with FFQs(84). In contrast, estimated diet records (EDR) are prone to 
the same errors as FFQs due to their reliance on portion size estimation. Despite this, EDR 
were the most common reference method used in the 22 previous relevant validation studies 
(41%, n=9)(27, 29, 88, 89, 99, 114, 121, 122, 124). This is likely due to the reduction in 
respondent burden and resource requirements in EDR compared to WDR. 
 
Although WDR are regarded as the “gold standard”, they too have inherent limitations. 
Under-reporting in WDR is well-documented in the literature(126), and 18% of participants 
in the current study under-estimated their energy intake in the 7DDR. Additionally, 22% of 
participants under-reported in the FFQShort17. These findings are comparable to the proportion 
of under-reporters in the ANS08/09 and the 2012 validations study by Sam et al.(25). Among 
under-reporters in the current study, 7DDR intake was 29% lower than the Goldberg cut-off 
on average. Forty-five percent of these participants under-reported by more than 29%. In 
Sam’s study, under-reporter diet record intake was only 15% lower than the cut-off(25). 
Additionally, only 5% of Sam’s study participants under-reported by more than 15%. 
Therefore; while the prevalence of under-reporting in the current study is comparable to other 
studies, the magnitude of the under-reporting was much higher. Although under-reporters 
were anticipated, their existence may have impacted the validity of the FFQShort17. 70% of the 
under-reporters only underestimated their energy intake for one method (7DDR or 
FFQShort172), which likely increased the discrepancies in nutrient estimates and participant 




Another limitation of the current study was the database used to enter the 7DDR data. While 
FOODfiles 2014 was the most up-to-date NZ food composition database at the time of data 
entry, new food products are constantly entering the market. Ultimately, 318 foods recorded 
in the 7DDRs were unavailable in the database. While food item substitutions were selected 
by matching macronutrient values as closely as possible, perfect nutrient matching was highly 
unlikely. This means that the nutrient intake values calculated by the database likely vary 
from actual recorded intake – especially for participants that ate large quantities of foods that 
were not available in the database. Additionally, time and resource constraints meant that the 
7DDR data entry was unable to be checked for accuracy. Consequently, the 7DDR data may 
have contained errors that altered nutrient estimates and participant rankings – therefore 
impacting the calculated validity of the FFQShort17. 7DDR entry will be independently checked 
before results are published. 
 
The assessment of reliability in the current study strengthened the evaluation of the FFQShort17. 
Cade et al. recommends that all FFQs should be assessed for reliability(84), because high 
validity does not signify that an FFQ can generate reproducible findings in subsequent 
administrations. Unfortunately, the FFQShort17 data was not double-entered or checked for 
accuracy due to time and resource constraints. It is possible that errors occurred during data 
entry which impacted nutrient estimates and participant rankings – therefore impacting the 
calculated validity and reliability of the FFQShort17. During future investigation, the FFQShort17 
data will be double-entered or checked for accuracy by another method. Alternatively, an 
electronic version of the FFQShort17 could be developed to eliminate this potential source of 
error. However, an electronic version could introduce alternative sources of error, such as 
accidental misreporting e.g. reporting intake of 11 tsp of sugar per day instead of 1 tsp due to 
double pressing the key. A recent Canadian study compared results from paper and web 
versions of a FFQ, and found high agreement between the methods(86). The web version was 
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preferred by 59% of participants, while increasing the flexibility of the FFQ delivery, and 
reducing administrative and paper costs. Unfortunately, web-based FFQs may not be 
appropriate for use in low income or rural communities, due to limited internet access.  
 
Another strength of the current study was the inclusion of free and added sugar. Assessment 
of both sugar types are relatively novel, with dietary recommendations available(10, 41, 47, 
49) but few validated methods of assessing individual or population intake. There is a notable 
gap in the literature: to the candidate’s knowledge, there is only one FFQ validation study 
including free sugar(27), and two including added sugar(28, 29). None of these studies 
assessed reliability of free or added sugar. This posed a challenge when comparing the results 
of the current study to previous studies. However, free and added sugars had narrower LOA 
in this study than other nutrients measured in the study by Sam(97) e.g. Vitamins A and C. 
 
While the FFQShort17 showed acceptable reliability and validity among the study sample, 
participant characteristics did not match the characteristics of the NZ population. Compared 
to the NZ population, SIMS study participants were less ethnically diverse, had lower BMIs, 
and were less likely to be smokers. The goal of 50% males was not met, and there was no age 
stratification during recruitment to allow for equal representation from different age groups. 
Additionally, only 65 participants were used in the analysis – which is lower than the 100-200 
participant recommendation for validation studies(84). The smaller the sample size, the larger 
the impact of outliers and non-systematic errors on the results of the study. These factors all 
limit the generalisability of the findings of the current study. The limitations of the study 
sample are demonstrated by the unexpected characteristics of the under-reporters. While 
under-reporting prevalence increased alongside BMI, the other characteristics of under-
reporters did not mirror those of the ANS. For example; males had a higher prevalence of 
under-reporting than females, Māori had lower rates of under-reporting than NZ Europeans, 
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and there was no discernible pattern between age and under-reporting. However, only five 
Māori people and six people aged >50 years participated in the study, which limited the 
conclusions that could be drawn from the sample. 
 
6.4 Conclusion 
The FFQShort17 is a tool with acceptable reliability and validity for assessing macronutrient 
intakes in NZ adults; particularly in those of NZ European or European descent. As is the case 
for most FFQs, the FFQShort17 is not appropriate for determining absolute nutrient intakes, but a 
single administration is able to rank individuals by intake level. However, further validation 
should be undertaken before it is used in ethnic-specific or disease-specific populations.
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7 APPLICATION TO DIETETIC PRACTICE 
While national rates of obesity and non-communicable disease (NCD) soar(4, 33), so does the 
burden on the NZ public health system(5). In response, associations between various dietary 
and lifestyle factors and NCDs are under scrutiny. High quality nutrition research is required 
to advise public health policy and clinical practice. Cost-effective dietary assessment is 
fundamental to this research, therefore there is a demand for up-to-date validated FFQs.  
 
The FFQShort17 was determined to have acceptable reliability and validity for use in NZ adults. 
It was deemed appropriate for ranking individuals by nutrient intake, and less suitable for 
determining absolute nutrient intake of individuals. This means that the FFQShort17 is best 
suited for utilisation in large epidemiological studies. It is especially useful as it fills a gap in 
the literature by providing a validated measurement tool for free and added sugar intake. 
Although it is unlikely that dietitians will directly utilise the FFQShort17 in clinical practice, 
public health dietitians and researchers may to use it to assess the nutrient intake of groups. 
Such research has the potential to strengthen the evidence base and reinforce current dietetic 
practice. Alternatively, this research could provide new evidence that evolves the practice of 
dietitians and other health professionals alike. 
 
The results of this thesis reinforce the difficulty with accurately measuring the nutrient intake 
of individuals. While FFQs are rarely able to provide information on absolute nutrient intake, 
diet records are too burdensome for general use(19). As efficient nutritional assessment is 
integral to dietetic intervention, the diet history has secured an important role in dietetic 
practice. However, the diet history’s role in clinical dietetics does not diminish the value of 
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Appendix J: Diet Record Substitution Table for 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

































   
   
   
   
   
   
   
   
   






































   
   
   
   
   
   
   
   














































































































































































































































































































































   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   

































































































































































































































































































































Figure I: Protein Figure II: Total Fat 



































































































































































Figure V: Polyunsaturated Fat Figure VI: Carbohydrate 
Figure VII: Free Sugar Figure VIII: Added Sugar 
